Breast milk provides the essential nutrients for infants in readily available form. The content of nitrogen in human milk is of great importance because it relates to the growth of infants in the early stage, and the composition of nitrogenated compounds varies according to the lactational stage. Three-hundred-and-three human milk specimens were obtained from 240 healthy mothers living in two different districts in Taiwan, and 264 specimens were used for the analysis. The crude protein content, total and free amino acid compositions as well as urea content were evaluated using pooled milk samples according to different lactational stages and geographical location. The crude protein content de creased sharply from colostrum (2.51g/100mL) to mature milk (1,25g/100mL), Total amino acids account for 80-85% of the crude protein throughout the whole lactation pe riod. Crude protein also contained 30 to 35mg/l00mL urea and 41 to 48mg/100mL free amino acids as non-protein nitrogen components. The ratio of essential to non-essential amino acids remained constant throughout the lactation period in spite of a decline in amino acid content. The amino acid composition per 1g of nitrogen varied during the lacta tion period. The differences of these lactational changing patterns of individual amino acids were probably reflected by variation of the protein composition during lactation. The sum of free amino acid content ranged from 43 to 50mg/100mL in Taipei and 40 to 45mg/100mL in Kaohsiung. Although the variations of free amino acids during the lacta tion period differed among amino acids, glutamic acid predominated in mature milk while phosphoethanolamine was predominant in colostrum.
Summary
Breast milk provides the essential nutrients for infants in readily available form. The content of nitrogen in human milk is of great importance because it relates to the growth of infants in the early stage, and the composition of nitrogenated compounds varies according to the lactational stage. Three-hundred-and-three human milk specimens were obtained from 240 healthy mothers living in two different districts in Taiwan, and 264 specimens were used for the analysis. The crude protein content, total and free amino acid compositions as well as urea content were evaluated using pooled milk samples according to different lactational stages and geographical location. The crude protein content de creased sharply from colostrum (2.51g/100mL) to mature milk (1,25g/100mL), Total amino acids account for 80-85% of the crude protein throughout the whole lactation pe riod. Crude protein also contained 30 to 35mg/l00mL urea and 41 to 48mg/100mL free amino acids as non-protein nitrogen components. The ratio of essential to non-essential amino acids remained constant throughout the lactation period in spite of a decline in amino acid content. The amino acid composition per 1g of nitrogen varied during the lacta tion period. The differences of these lactational changing patterns of individual amino acids were probably reflected by variation of the protein composition during lactation. The sum of free amino acid content ranged from 43 to 50mg/100mL in Taipei and 40 to  45mg/100mL in Kaohsiung. Although the variations of free amino acids during the lacta tion period differed among amino acids, glutamic acid predominated in mature milk while phosphoethanolamine was predominant in colostrum. Key Wards crude protein content, amino acid, Taiwanese human milk, lactational change Breast milk is the perfect food for infants because it contains the necessary nutrients in readily bioavailable forms while simultaneously providing many anti-infec tive components. Most researchers agree that breast feeding exclusively will provide adequate amounts of most nutrients for infants for at least 4 mo after birth. A comprehensive evaluation of human milk composition is extremely significant not only for infant nutritional studies, but also to form a basis for developmental re search regarding infant formula. Among macronutri ents and micronutrients, proteins are the most impor tant determinants and there is a close relationship be tween the growth rate of mammals and the protein content of milk (1) . In Taiwan, however, protein con tent and amino acid composition of human milk have not yet been clarified. To get information on these nutri ents in Taiwanese, we collected human milk specimens from different districts and analyzed them.
MATERIALS AND METHODS
Three-hundred-and-three human milk specimens were obtained from 240 mothers between the ages of 19 and 41 and who were living in northern Taiwan (Taipei) or southern Taiwan (Kaohsiung) from March to December, 1995. Sampling criteria were as follows: 1) the milk specimens were collected between 10:00 and 18:00 to avoid circadian changes, 2) the delivery and birth weight of infant was normal, 3) the baby was healthy and growing well, and 4) mother was healthy and had a balanced diet. We selected 264 milk speci mens because 39 did not meet all of the criteria de scribed above. We prepared 3 2 pooled milk samples ac cording to lactational stage and district where the mother lived.
We explained the aim and the method of the study to the mothers, and all of the subjects that agreed to do nate their milk filled out a questionnaire about the cri teria described above.
Experimental method,
Crude protein: The Micro-Kjeldahl method was used. Crude protein was calculated as total nitrogen multiplied by 6.38.
(2) Amino acid composition: One milliliter of human milk was collected in a test tube, and 9mL of tation. Changes in individual amino acids during lacta tion are shown in Table 2 . These values (mg/g nitrogen) varied little compared to those given in Table 1 (mg/100mL milk). Isoleucine, leucine, lysine, histidine, glutamic acid and proline tended to increase. Phenylalanine, tyrosine, aspartic acid, alanine, methio nine, valine and threonine showed little variation throughout lactation. While arginine, glycine, serine, cystine, tryptophan, alanine and threonine rather de creased in early in lactation and reached a stable state. Lactational changes of free amino acid and urea contents
The contents of free amino acids and urea in human milk collected in Taipei and Kaohsiung are shown in Table 3 . Their lactational changes differed with compo nents, for example, taurine, proline, Isoleucine, leucine, tyrosine, tryptophan, lysine and arginine decreased at later lactational stages, while glutamine, glutamic acid, glycine and alanine increased although cystine and his tidine remained constant. The percentage of free amino acids increased from 2.4% on postpartum 0-11d to 4.2% on postpartum 66-297d in Taipei and from 1.9 to 3.9% in Kaohsiung as well. The percentage of urea nitrogen increased from 4.2 to 7.6% in Taipei and from 3.8 to 7.4% in Kaohsiung. The major components of human milk at each lactational stage are rearranged as shown in Table 4 .
DISCUSSION
Balanced nutrition is essential for the sound develop ment of infants. In this respect, breast milk serves as an ideal source of nutrition, and infant formula, a substi tute for breast milk, should be made to resemble human milk more closely. Therefore, characterization of the human milk composition is of great important to fur ther improve infant formula as well as gain an exact un derstanding of infant nutrition.
Among essential nutrients, protein is the most impor tant determinant.
Human milk provides all of the amino acids necessary for infant growth, so we ana lyzed the crude protein and amino acid compositions of Taiwanese human milk.
The aim of this study was to determine the average amino acid composition of Taiwanese human milk. To analyze individual milk requires a large amount of each specimen. Unfortunately, all of the milk specimens we collected was in an amount insufficient to be analyzed. Therefore we prepared pooled milk samples and ana lyzed them.
As shown in Table 1 , there were no differences of crude protein content and amino acid composition in Taiwanese human milk. This observation was similar, in principle, to previous observations (2) (3) (4) . It is re ported that there are wide variations in the protein con tent of human milk between individuals (2). In some in fants, much protein is required for optimal growth. In the case of infant formula, care should be taken so as not to cause protein deficiency in any infant. Incidentally human milk contains such physiologically important proteins as imunoglobulins and lactoferrin (5) . High protein intake may lead to metabolic acidosis of Taiwanese Human Milk 249 Table 3 . Free amino acid composition and urea content (mg/100mL). 1 1 Values represent means of the categories (lactational stages and districts) . The analyses were done for pooled milk samples described in MATERIALS AND METHODS. 2 T=Taipei , 3 K=Kaohsiung. 4 Percentage of total nitrogen . 5 The ratio of urea nitogen to total nitrogen (%).
and hyperaminoacidemia that in turn stimulate insulin secretion. To design an infant formula, these non-nutri tional protein components should also be considered so as not to cause a metabolic burden for the infant.
Although the protein content in whole milk gradu ally decreases with the lapse of lactation, the essential/ non-essential rate of amino acids remains unchanged both in Taipei and in Kaohsiung. The variation of amino acid content per gram of nitrogen in human milk was only little compared to that per 100mL. Harzer et al. (6) reported changes of individual amino acids (mg/g nitrogen) from 2 to 36d postpartum. They showed that isoleucine, leucine, lysine, histidine, glu tamic acid and proline had a tendency to increase dur ing lactation, while phenylalanine tyrosine, aspartic acid, methionine, and tryptophan remained stable, and arginine, glycine, serine, cystine, threonine, alanine and valine had a tendency to decrease. Our results were similar to the results of Harzer et al, except for valine and tryptophan. The differences in changing patterns of individual amino acids were probably reflected in the variation of the protein components in human milk during the lactation period (6) .
The amino acid composition of mature human milk in Taiwanese was similar to that of mature human milk in other countries (6, 7) . This implies that the amino acid composition of mature human milk is not signifi cantly different among countries. However, all of the human milk proteins do not undergo digestion and ab sorption. Thus, it is necessary to study the amino acid composition of the nutritionally available protein in vivo. Well-designed studies from nutritional, socioeco nomic and environmental aspects will be needed in order to obtain a full understanding of the biological utilization of human milk. In human milk, the non-protein nitrogen (NPN) frac tion comprises about one-quarter of the total nitrogen, compared with about several to 5% in bovine milk (8) . The NPN fraction of human milk consists of urea, free amino acids, peptides, nucleotides and polyamines. Among the NPN fraction, urea predominates, ranging from 11 to 20mg/100mL milk as nitrogen (7, (9) (10) (11) . In our study, urea ranged from 29.06 to 3 5.84mg/100mL (13.56 to 16.72mg/100mL as ni trogen). The rate of urea nitrogen to total nitrogen in creased with the lapse of lactation and no differences were observed between Taipei and Kaohsiung (Table 3) . A similar tendency was also observed for Japanese human milk (7) . Although some studies have suggested a nutritional role for urea in human milk (12) (13) (14) , fur ther studies are required to establish its nutritional and/or physiological significance.
There were no differences in free amino acid compo sition between Taipei and Kaohsiung (Table 3) . How ever, the contents of phosphoethanolamine and phos phoserine were especially high in Taiwanese human milk in comparison with other reports (7, 9) . The rela tive amounts of both phosphoethanolamine and phos phoserine are much higher in milk than in serum (15) . It is worth noting that the total amount of phospho amino acids in human milk remains constant, as shown in Table 3 . Phosphoethanolamine has been rec ognized as a constituent of the growth modulator frac tion in human milk (9) . However, it is not clear whether this phospho-amino acid is synthesized in the mam mary gland, or why Taiwanese human milk contains it in abundance.
As shown in Table 4 , glutamic acid ranked second in the amino acid on postpartum 2 2 d later, although it was predominant over the period of lactation in Japanese (7) and American series (9) . In practice, the glutamic acid content of Taiwanese colostrum was much lower than that of Japanese (7). Taurine was an other dominant free amino acid component which was found at the highest concentration in colostrum and on the decrease late in lactation (Table 3 ). The change of taurine in Taiwanese human milk during lactation was quite similar to that in Japanese human milk (7). Harzer et al. have suggested that urea, glutamic acid, taurine and phosphoethanolamine are beneficial for the growth of infants through bile acid conjugation, zinc bioavailability, energy or nitrogen supply for the intes tine, and bifidus colonization (9) . The fact that the con centrations of those substances increase or remain con stant during lactation despite the dilution of milk pro tein suggest their importance in the growth of infants. In our study, the amount of free amino acids ranged from 39.65 to 50.40 mg/ 100 mL through the lactation period, and its percentage of total amino acids increased from 2.4 to 4.2% in Taipei and from 1.9 to 3.9% in Kaohsiung. This result was similar to those of other studies (7, 15, 16) . It also seems likely that free amino acids maintain the osmotic pressure of human milk (11) and preferentially contribute to the initial change in plasma free amino acid concentration of the infant because of their early intake (16) . The nutritional and physiological significance of these free amino acids re mains to be investigated further.
